IMPORTANCE Mycosis fungoides and Sézary syndrome (MF/SS) are rare in children and young adults, and thus the incidence and outcomes in this patient population are not well studied.
M ycosis fungoides (MF) is an extranodal cutaneous lymphoma that accounts for approximately 1% to 2% of all non-Hodgkin lymphomas. It is a rare disease, with approximately 2000 new cases diagnosed in the United States annually. 1, 2 Mycosis fungoides disproportionately affects the elderly, with a median age of presentation at 57 years, and is twice as likely to occur in men as in women. 1, 2 The most important prognostic factor for MF is stage at diagnosis. Earlystage disease occurs in the skin only with varying extent and severity, whereas advanced-stage disease can involve lymph nodes, blood, and visceral organs. Sézary syndrome (SS) is an advanced-stage leukemic form of MF involving the blood, lymph nodes, and erythroderma. Early-stage MF is often indolent, with a median survival of more than 20 years, whereas advanced disease can be rapidly life-threatening, with a median survival of 5 years. [3] [4] [5] Most patients are diagnosed with early-stage disease and live for many years, highlighting the importance of survivorship issues in this patient population. Mycosis fungoides and Sézary syndrome are incurable by standard therapy, with a possible exception for patients with the earliest stage, T1. 4 Patients experience repeated remission and relapse during the clinical course of the disease, thus requiring lifelong therapy. Studies on long-term survivors of adult MF/SS demonstrate an increased risk of second cancers compared with the general population. 6-10 It has been hypothesized that the immune dysregulation associated with MF/SS and/or long-term therapy contributes to the increased risk of second cancers reported in adult patients with MF/SS. [11] [12] [13] Mycosis fungoides and Sézary syndrome are uncommon in children and young adults younger than 30 years and have distinct clinical features, such as a higher proportion of earlystage disease and superior disease-specific survival compared with older adults. 11, [14] [15] [16] [17] [18] [19] It is unknown whether these distinct clinical features translate into a different risk of second cancers in young patients with MF/SS. Therefore, this population-based study reports on the incidence, overall survival, and risk of second cancers in patients with MF/SS diagnosed before 30 years of age. . In addition, we excluded registered second cancers that were coded as T-cell lymphoma, not otherwise specified (ICD-O-3 code 9709), since these most likely represent largecell transformation in patients with preexisting MF; fewer than 5 such cases were excluded by this criterion. For patients in the CCR, we obtained a neighborhood measure of socioeconomic status based on patients' residential census tract at diagnosis. This measure is a previously described index that incorporates 2000 US census data on educational attainment, income, occupation, and housing costs. 20 Each patient was assigned to a neighborhood socioeconomic status quintile based on the socioeconomic status distribution across all census tracts in California.
Methods

Patients
Patient race/ethnicity, as reported in the CCR and SEER 9, was collected primarily through self-report, by assumption of hospital personnel, from death records, or from inference through the use of other information, including race of the parents, maiden name, surname, and birthplace. 21, 22 We also obtained cancer registry information on vital status as of December 31, 2009 (SEER 9), or December 31, 2010 (CCR), through routine hospital follow-up and database linkages. As a measure of quality of care, we classified reporting hospitals in the CCR according to whether they were a National Cancer Institute-designated cancer center.
Statistical Analysis
We used SEER*Stat software 23 to compute incidence rates per 100 000 population and corresponding 95% CIs. Population estimates were developed by SEER based on US census projections. The risk of a second cancer was assessed by calculating in SEER*Stat the standard incidence ratio (SIR) to compare the observed cancer incidence in patients with MF/SS with the expected incidence in the general population, standardized by age, sex, and race/ethnicity. Statistical significance of the SIR was determined using the Poisson distribution to calculate 95% CIs, with P < .05 considered statistically significant. Survival estimates were analyzed using the Kaplan-Meier method in SAS version 9.3 (SAS Institute). Survival time was calculated from the time of diagnosis to lost to follow-up, the end of the observation period, or death by any cause, whichever came first. In accordance with CCR and SEER privacy and confidentiality guidelines, grouped data are not reported for fewer than 5 cases.
Results
Incidence Rates
Among all patients with MF/SS in the CCR, 204 were diagnosed before 30 years of age, representing 6.4% of all cases diagnosed in California from 1988 through 2009 ( Figure 1A ). The incidence rate of MF/SS was 0.05 per 100 000 persons per year before age 20 years and 0.12 per 100 000 persons per year between ages 20 and 29 years ( Table 1) . In this group of young patients, the annual incidence rate increased during the study period, with an annual percentage change of 6.0% (95% CI, 3.2%-8.9%; P < .001). Similar findings were noted in the 195 young patients with MF/SS identified from the SEER 9 cancer registries ( Figure 1B ). The annual percentage change of the incidence rate in this registry was stable from 1976 through 1992 (-1.0.%; 95% CI, −8.2% to 6.9%) and increased by 3.0% (95% CI, 0.6% to 5.4%) from 1994 through 2009 (the annual percentage change could not be computed in 1973, 1974, and 1993) . The demographic characteristics of the young patients with MF/SS from the CCR are described in Table 1 . Incidence rates of MF/SS increased with age group; 67.2% of patients younger than 30 years were diagnosed between ages 20 and 29 years, and the median age at diagnosis was 24 years. Males and females had the same incidence rate of MF/SS. Asians or Pacific Islanders and blacks had the highest incidence rates, followed by non-Hispanic whites and Hispanics. More than half of the young patients resided in the highest 2 neighborhood socioeconomic status quintiles. Notably, almost half of the cases were reported to the CCR by National Cancer Institutedesignated cancer centers. The demographic characteristics of the 195 patients from SEER 9 cancer registries were similar to those of the patients from the CCR. The incidence rate was 0.03 per 100 000 persons per year before age 20 years and 0.10 per 100 000 persons per year between ages 20 and 29 years ( Table 2 ). The incidence rate was highest among blacks and was similar for males and females (Table 2) .
Overall Survival
Among the 204 patients from the CCR, 9 (4.4%) died after a median of 4.4 years following diagnosis. The most common cause of death was non-Hodgkin lymphoma (n < 5), and the second leading cause of death was infection, including human immunodeficiency virus (n < 5). With a median follow-up of 8.1 years (range, 0-23.1 years), patients in the CCR had a 5-year overall survival of 97.1% (95% CI, 93.0%-98.8%) and a 10-year overall survival of 94.3% (95% CI, 89.6%-97.2%) (Figure 2A) . Among the 195 patients with MF/SS in the CCR alive at last follow-up, 82.6% had a follow-up date (ie, were verified as being alive) within 1 year of the study end date, and 89.2% had a follow-up date within 2 years.
In the SEER 9 cancer registries, 23 (11.8%) of the 195 patients died (Table 2 ) after a median of 5.3 years following di- agnosis. Again, the most common cause of death was nonHodgkin lymphoma (n = 13), followed by infection, including human immunodeficiency virus (n < 5). With a median follow-up of 8.4 years (range, 0-36.5 years), patients in SEER 9 had a 5-year overall survival of 93.3% (95% CI, 88.2%-96.3%) and a 10-year overall survival of 88.9% (95% CI, 82.4%-93.2%) ( Figure 2B ). When SEER 9 analyses were limited to cases diagnosed between 1988 and 2009 (ie, the same years as the CCR analyses), SEER 9 patients had a 5-year overall survival of 95.3% (95% CI, 89.7%-97.9%) and a 10-year overall survival of 92.2% (95% CI, 84.4%-96.2%), survival estimates comparable to those of patients with MF/SS in the CCR. The percentage of patients who had a follow-up date within 1 and 2 years of the study end date was 90.1% and 94.2%, respectively.
Risk of Second Cancers
In the CCR, the age-, sex-, and race-standardized SIR of all second cancers was 3.45 (95% CI, 0.94-8.83) ( Table 3) . We also observed an increased risk of melanoma after diagnosis of MF/ SS, with an SIR of 6.88 (95% CI, 0.17-38.32), although it was not statistically significant. While the risk of any second cancer was not statistically significantly elevated among young patients with MF/SS in the CCR, the SIR was similar in magnitude and statistically significantly elevated in the SEER 9 cancer registries (SIR, 3.40; 95% CI, 1.55-6.45). Furthermore, in the SEER 9 population, the risk of lymphoma (SIR, 12.86; 95% CI, 2.65-37.59) and melanoma (SIR, 9.31; 95% CI, 8.75-33.62) was significantly increased after the diagnosis of MF/SS in patients younger than 30 years. Although based on small numbers, the increased SIR for second cancers did not appear to be due to heightened medical surveillance after MF/SS diagnosis. Of the 9 patients with second primary tumors following MF/SS, the mean time to any second cancer diagnosis was 9 years (range, 1-28 years); the mean time to melanoma and second lymphoma diagnosis was 4 and 2 years, respectively. There was 
Discussion
Mycosis fungoides is the most common form of cutaneous lymphoma in childhood and adolescence, comprising 30% of all cases. 24 To our knowledge, our report is the largest study of patients diagnosed with MF/SS before 30 years of age and the first to investigate second cancers in this young patient population. Our study described several epidemiologic patterns in young patients with MF/SS that are different from those in adults. First, MF/SS has a much lower incidence rate in young persons than in older adults. This finding is consistent with the reported incidence rate of 0.29 per 100 000 persons per year in Kuwaiti patients diagnosed younger than 18 years. 25 In our study, patients with MF/SS diagnosed before 30 years of age constituted fewer than 7% of all cases during the study period, a proportion similar to the 2.7% to 5% reported from institutional studies with different age cutoffs from 16 to 30 years. 18, [26] [27] [28] Second, we observed a different racial or ethnic pattern in young patients with MF/SS than previously reported in older patients. In particular, our data from the CCR showed a higher incidence rate in Asians or Pacific Islanders than in non-Hispanic whites, whereas whites have had higher rates among older adults. 2 Third, the male predominance noted in older patients 2,4,5,29 was not observed in the young patient population, consistent with previous studies.
2,11
Although the natural history of MF/SS has been well described in adults, the data for young patients with MF/SS are scarce and variable. Some clinical series reported little disease progression and excellent survival, 18, 26, 28, 30 while others attributed approximately 20% of deaths to MF/SS. 11, [31] [32] [33] The variability in these reports may be a result of the small number of patients and short follow-up in many of these clinical series. Compared with previous reports, 11, 14, 18, [24] [25] [26] [27] [28] [30] [31] [32] our study had a larger number of patients and longer follow-up. Five-year overall survival was 97.0% in the CCR (1988-2009), 93.3% in SEER 9 (1973 SEER 9 ( -2009 , and 95.3% in SEER 9 (1988 SEER 9 ( -2009 , rates that are consistent with those previously reported from institutional studies. 18 The favorable survival may be a result of the disease characteristics of MF/SS in this age group. By comparison, in the largest institutional study to date, the 5-year overall survival rate of 58 young patients diagnosed with MF between 1958 and 1995 was 84%. 11 The difference in overall survival between this patient population and ours may be attributable largely to improvements in diagnosis and treatment over time. Previous studies have suggested that young patients tend to have early-stage disease, hypopigmentated lesions, and/or MF in association with lymphomatoid papulosis, all of which are associated with a favorable prognosis. 11, 14, 17, 18, 28, 30, 34, 35 It should be recognized that the favorable prognosis of young patients with MF/SS may not be at- 18, 32 In our study, analyses from the CCR and SEER 9 registries yielded similar results, showing an increased risk of second cancers overall in young patients with MF/SS. The excess risk was statistically significant only in SEER 9, possibly due to the longer follow-up time, but the SIR point estimates were nearly identical. The excess risk came, in part, from melanoma, a finding that has been observed in some previous studies. 37, 38 The increased risk of second primary melanoma may result from the long-term use of light therapy rather than the biology of MF/SS. To ensure accurate assessment of the risk of second primary lymphoma, registered second cancers were not included in the analysis if they were MF/SS or T-cell lymphoma, not otherwise specified (n < 5), since T-cell lymphomas likely represented large-cell transformation in patients with preexisting MF/SS. Based on our inclusion and exclusion criteria for second primary cancers, there were no lymphomas of T-cell lineage in the second cancer analysis. It should also be noted that large-cell transformation is quite rare in this young patient population because most young patients with MF/SS have early-stage disease and do not progress to advancedstage disease. 11, 14, [17] [18] [19] 25, 39 Although an increased risk of lymphoma has not been reported previously in young patients with MF/SS, it has been documented in the adult MF/SS population. 6,7,10 Overall, our findings suggest that patients diagnosed with MF/SS before 30 years of age may experience an increased risk of second cancers; thus, long-term monitoring is warranted. Our results should be interpreted in light of the strengths and limitations of the study. The strength of the study lies in its population-based nature, which allows us to analyze a relatively large number of patients while minimizing the potential selection bias of single-institutional studies. This aspect is particularly valuable given the rarity of the disease. However, population-based cancer registry databases have limitations, such as the lack of uniform diagnostic expertise, which may affect the accuracy of the diagnosis, especially for rare diseases such as MF/SS. In addition, the small number of second cancers prevented us from reporting detailed analyses, for example, by histologic subtype, stage, and outcome of the second tumor.
Conclusions
In summary, we analyzed the incidence, outcome, and second cancer risk of MF/SS diagnosed before 30 years of age in the population-based CCR and SEER 9 cancer registries. We found that the incidence rates were much lower in this young population than that in older patients, and demographic patterns differ between the two age groups. 40 However, like older adults, young patients with MF/SS appear to be at an elevated risk of second cancers, particularly melanoma and lymphoma. Despite this risk, young patients with MF/SS in general have a favorable outcome. Continual monitoring of young patients over time can help to determine whether this excess risk persists throughout life and is due to increased medical surveillance, long-term treatment, or underlying disease processes.
